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(54) PRODUCTION OF PHOSPHONITRIC ACID ESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a process 
that can efficiently produce a phosphonitric acid 
ester having high purity, a low acid value, without 
occurrence of side reactions, for example, 
hydrolysis, crosslinking and the like. 
SOLUTION: A cyclic or linear phosphonitrile dihalide 
represented by the formula ((n) is an integer of >3; 
Xs are identical or different and represent halogen 
atoms) is allowed to react with an alkali metal salt of 
a compound selected from alcohols, thiols, phenols, 
and thiophenols to produce the objective 
phosphonitric acid ester. In this case, the alkali 
metal salt is prepared by mixing a hydroxy! group- 
or thiol group-bearing compound with an alkali metal 
compound in an organic solvent or in the absence of 
solvent and subjecting them to the azeotropic 

dehydration. The reaction in the organic solvent is |i| 
carried out, as the reaction mixture is maintained its 
temperature in a higher boiling point range from the 

azeotropic point of the organic solvent and water to the boiling point of the organic solvent || 
or of water. In the case of no solvent, the reaction temperature is maintained at 40-200° Cl|| 
and the amount of water in the reaction system is retained to <10 wt.% based on the whole H 
weight of the reaction system. 
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i s - k 2 5 0 1 (cmftu-tBiitaHjei/fc. 40 

(10) 7^/? MfiSS&ffi 

J I S K - 7 2 1 0 CCtgjBJb . 2 3 -CtffiLfc (K 

[0 046] (11) ^;^7D-U-h 
J IS K-7 2 1 OKSff&L. 2 4 0'C-Cl Okqf© 
HfiT{CjftJSL/c. ft, TkKSXtt^-JUS^Wt^ 
1^©£Jl£££l££ h y;Ui?^9Y Kit/ 

r«. ***x h U-iUy^'n?^ h* (3ffi{* : 5 9%. 
4S&: 13%. 5S&RO*6fi{£: 12%. 7S#: 
3%. 8fi{*tU:: 1 3K©S^) XtttStt***- 50 
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h >) frit 9 a 7 4 K3Sf*£ffll,>/c„ 
[004 7 ] USSffl 1 

fijKlt. STa-hSO*«lf^*<i^/c2L©4P77 
X=i{C. 7 i y-;U9 4 . 1 q ( 1 .Omol) iJQQ'O 
•fe'>8 0 0tn-|<h£#91K9 . * -( )WiZK.®mbX 1 2 
7'C£-CJ?SL/c. tC^4 8%7kmiti- b 'J-5.M<fc 

i£ C*Kft* h'^A40.0g (i *ju) £^r. « 
TlelG) *3^mcctoteora*jBTL. sis**©* 

at&£f£ftj:9£t;3*) te^no-^ >•£>£©£;$!£ 
i^it^cc^^isn. ^aa-o-tz^©^!?^ 
{CM L/c„ C©P B 1StDjffi©SS« 12 7-133 'C(C« 
JSlc:^rt©$**t*^(c l%«T-C*-^/c (* 
-;U7 ./ ? W-ft. t(Tln)L) . 7KS§ft7- h 'J^A?K 
*SK©a.T»7«. 1 3 3 'C-C 1 «!IHJ»BSLrSiS«rt 
©tJ<##5 0 0 p p m«T{C/«t^Sr'Sfc'J<L/cA5. gj£ 

atS©^-5 'J-CC&o/c. 

[0 04 8 ] ■€•©&. J5tSrE£4 0 °C£-C?£*PL/c. 
c-^***^- h >;;l-^j'n5'f h*©3 5%*na-<>-fe" 
>?§ffil 6 5 .6q (0 .5 Omol) £?£iPL/«r#6&<7 (C 
■e©SWD { SJt.?R*JjnJaLr. 13 3*C-C6B$(a 
«#L/c. C©B#ir'JSJf-«%*£LT(,^/c. SlSftT 
^, JSt&?g?r 5 %7i<m{ti- b')^ A7j<^?K 5 0 0 mTC 3 
0Sfc^L. ipfaL/cfg. 7K5 0 0ml-C2H«t^ L/c. 

(<3Torr. 8 0"C) L/ciC6, afettSSHft 1 1 
4 .4q (iR^9 9.0%) 7W#6ft/c. H¥^t>^1 
890 (^'JX?U>M) . HS.£l 05'C. 5%»* 

«^>iaa 3 3 6 -c. 5 4 °c. >smm. c 

HN7C^W. ' H-NMRM 1 1 P-NMR*9JS 
L, mi&Mfi [N = P (-OC, H, ) , ] n-C«$ 
*i h x -5 C i «KBl 

/c. 

[0 04 9] HJS^2 

>;;l<i^a^ K3Sft4ffll^^«H«SWIl 
{cSJ^^tf^. Slo^$S{c6B$P^^SL. Tie«fi*5£© 

Sfefe^tt© [n = p (-oc, h 6 ) 2 ] 3 

SSStK***- H)^K^7x^Jl/3fi<*l 14.7q 
(iR*9 9.2%) £}#/c. tlf^7HI7 0 0 

';x?-U>}ftgL) . HbSi 10*C. 5%*fi^fig3 

3 0'C. ftmU&3 5 1*C. 
[0 0 5 0] SISSM 3 

*ffiC»SfelW*3ttt«l il^*{CSJS*tft». »6«1 

;H 1 4 . 8 q (JR^9 9.3%) £f#/c. Sl&SSti 1 
3 3*C. SIt.7c;f£{Ctt2B#r E g£gL/c. chlJ, 
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(*yx*u>&i?) 8 »*i i rCo 5%2safc*>a 

R3 3 0-C. #»?SS3 5 1"C 0 

[oo5i] mmu 

tt»H**x*xh y;^7*^H 1 2 .lq mm 
9 7.0%) £f#7c 0 Rjfcfigte 1 1 4°C, aS^lgtC 

u>»»> - Hj£i i i°c 0 5%ita^fig3 3o 

°C 0 #&?*&g3 5 1 -C. 

[0 0 5 2 ] nmms 

«ll<**X*x b x^-JU 1 1 4 .4q (lK^9 

9.0%) ^fl/Co JSlSSfil 3 6*C 0 KJ£53SCCtt5 . 
5B$IB*:BUfc. tfl?^18 8 0 (#'UfU> 
8SS) o Ifc£l 1 0°C o 5%ill«g3 3 3U # 
mUJ£3 4 9 0 C o 
[0 0 5 3] HJS016 

1 ,2 -is* h*^Xdr>*»f)rcCCSlCjRrt(caycWtC 

7f£. KJ£iR*ififiSU ^aao-i2>i 0 0 0ml*ffi 

^tfflgii?^ laskiiikMi &ia«(catt«&so. hjs 

*~;H 1 4 .3q (JD«9 9.0%) *f#/c. lifft 
»?*8 7 0 (sK^fl/^l.ft^lOQt. 5 
%fiffi£4>fi£3 3 3 °C 0 #8?ag3 5 0 °C e 
[0 0 5 4] H»«7 

SSIt, fiSTcx- b&vmimZffi?Ltc2 L04P^^ 
XrHC s :7*y-;U4 7 0 .5q (5 .Omol) 

^>f^uW5iir i o o'c^^si/co 

^7K^b^ h y ^A4 0 .Oq ( 1 .Omol) CD 4 8 %7k?§ 

35*fN&tr>fc. ccDB^m^tcy ^ -/-;i/©te»tt3 3 0 

q (3 .5mol) T'£>o/c„ COPJJSt&iKOfiK^. 1 0 
O'CKffHJffliSft, 5J£^rt^7K^^c3%«Tr* 
o/Co £/c, 7KI^{t^ h y 9 WSTFLfc 

^7 y-«ctcofc. 

[0 05 5 ] Tk^ib^ h y 2 A*»«<Z»T**7fi£L 1 
3 0 °Cn WJI^SUrJSJtiK^O*^ 500 ppm 
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«T«c&5*r«*ofc». KEfflte5 0*c*r««po 

/c 0 fC^^^^. h y;U5/*D5-/ F (3Sf* : 5 9 
%, 4Sf*: 13%, 5ffi(*Si>*6a(*: 12%, 71 
<*:3%, 8mtm± : 1 3%<Dm£®) (03 S%#a 
a^>Hz>jg$U 6 5 .6q (0 .5 Omol) 4i$iPl/ttrt s 
6»^*CJP*, *©«WCXSJ£«ftJ!inJ»Ur fc 133°C 

u *«wi ii?i-«jia;<oi«eKWH* 

b 'jJ^^x-JH 1 4 . 1 q (iR^9 8 .7 
10 %) £f#/t 0 M?Wf8 8 0 <#y**u>» 

no o «l£ i o 7 -Co 5 %nmm'pum.3 3 7 -a &m 
as 3 5 o°a 

[0 0 5 6 ] HJSW8 

Xntc x 7x^-;l/94.1q(l .Omol) , i?PD^> 
iz>8 0 0ml<t7ki£fbT;l^ 1 q c^^ta^F-Si 

OMm. P^Jftfb^ (1*) SO *4)W<XiC 
mmor 1 2 7 0 C$rj?SL/c o ^C^TkKffc^ h y -5 
20 A40.0q(l .Omol) <D 4 8 2 H$M&C3b/c 

7k) »^oo^>^><bO*»tcj:0ia%ccaR^|»* 
jfi<Dfiffi«. 12 7-13 3°CtCSfJ®$tl, SJS^rtCD 

^7k^«^tc i %hk*^c 0 7k8rtb^ h y V A7k*g 
«<&?ST»7». 1 3 3 "C-C 1 ^IH«iflELrSJ£«*© 
7k^5 0 0 ppmOT(c44*tH*0/c*i, SJ»« 

30 y ^AigcDx^ y-cca->fc. 

[0057] sjc«*4ox:*r»*Pi/fc. * 
c^^h^^x h y;u^^a^>r K©3 5%^op^>-fe' 

1 6 5 .6 q (0 .5 Omol) *J**PL/tt^6»^ 
JJDx., *<D«HCXSJ»}B«:M»Or, 1 3 3°CT3a$PBl 

cB* *cc^j— cc^tSt L/ fc7k^{br ;b s ^ ^ a 
*^-;u©^hy»>Att**J:«3»«tt0Jfti». ifc*®» 

40 <D*$tj;&+Vi£rj;^tc% f% h y jt^* n 5 >f 

Fi©SJ£*«(Sil3nte4*i5.6n* B &J£.**7f&, 1 
mnCDiiLffi^ffll ^ TSJCd^ 67kM{bT - A ^r?gS 

MSOSfeMi^l 14.8q(lR^9 9.3%) W 

nhtitc. ii?^t89o (#y^^u>» 
») o H£ i o 9 -a 5%Ma^aa3 3 0 g c o mi 
aa3 5 i -a 
[0058] mamo 

y xS-frlCRZry 0 .6q (0 .7 5mol) 

50 if/l-7x/-Jl/2 7 .5q (0 .2 5mol) 
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□-<>-fcf>£ i o o omm^zwuzmmm i tmmc 

SC5*tfC\ SK^^Cl 2BSrdJ£S0 (SJSSSl 3 
3 B C) . [N=P (-OCe H 5 ) i .6 (-SC. H 
5)0.5] nr*Stl48if(ett«H*l 1 7 .2q 

(JR*9 8.0%) aa^^FS7 8 0 W 

■J**U>tt»). «L*9 4-C. 5XSBtt4>W£2 9 
5 'Co ^?fig3 4 0'C e 

[0 05 9 ] HJSflJ 1 0 

7xy-MCf^xt3 ,5 -+5/Uy-;H 2 2 .2q 
( 1 .Omol) W^^na^>t'>^ 1 2 0 Omlffl 10 
l»*feW«*«SWl 4B»tcKfc*ffl». JRJ23S*CC 1 
OBSffllfcSl, (KlEfifil 3 3°C) . [N= P (-OC 
6 H 3 (-CH 8 ) 2 -3 ,5) 2 ] nr*3tl&#tt 
feB#l 4 0 .8q (iDtf 9 8.0%) tflMfc. Mfi¥^I 
#Tfi9 3 0 (#y**U>»*) o 14* : WWtt»^ 

««aws nr. 5 %ssm^ss 3 6 9 °c e 3 

8 0°C e 

[0060] mmm 1 1 

V * S-)\/lCRZ.X 2 - TV h-JH44.2q(l .Om 
ol) £fflt,>ja^PP^>-k*>£ 1 3 0 OmlffiC^W^f 20 

si (sjeas 1 3 3 *o , [n = p<-oc 

1 0 H7 ) 2 ] nti^n^ifeiftl 6 1.0fl (JR* 

9 7.2%) fl¥^18 9 0 (tf'JX? 

o Si* 1 5 2 °C 0 5 %Sfi«4>HlS3 6 5 
°C 0 #fi??Sjg3 9 7 *C 0 

[0061] mmm 1 2 

^AD- HWPf4mf^ byyV\ 

mmt. mTu-hRvmm&zffiztc2L<D4rnyy 

Xn&c\ UvObW-;U5 .5g (0.0 5mol) £ ? * ^ 30 
-;U6 5 .9g (0 .7 mol) t >7 a D^>-fe'> 6 0 0 ml t 
Zn^M*). ^-Ot^XCCStRLT 1 2 7°C£T'#?ai/ 
/Co -ec-7Kl${b^ h y>A2 8 . 4 q ( 0 . 7 1 mol ) <D 

CD* (*BMt:J- h V <5 &7kfem&%;<D7kRZfy *S-)l> 
ONaffl^««:J:0»JSferS*) «*nn^>-fe'>£<D 

^(ClOfco COIHJSCKK(DiaS« 12 7-133 

•acfiy#s j^srt©s**ttfi»c 1 %vcfx$> -> 

tc 0 7kmt* b y^ATkSffiOSTiKTf*. 1 3 3°Cr 40 
1 H#rHl^L,rJ5^^cD7k^^5 o 0 p p mfeTRCfc 

K(03 5%^nn-C>-fe'>Ml 65.6q(0.50mo 
1) «r^*PUa^e>^^tC»a^, SO'SJiSffiSrftD^L 
X, 1 3 3°Cr3B^jj|#b/c e 

[0 0 6 2 ] cn<t«a»JtC^Aa- bmS'BZttlrttc? 

tS«r{tiL/c 1 L04P^^^3tC v 7xy-Jl/37.6q 50 
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(0.4mol) i^DP^>-fe'>3 0 0ml£*fP9ffi*K 
TkiSfb^ h'J^Al 6.0q(0 .4 mol) 04 8%*jgffc 
£flH>T, |5iaeC7*y-JKDNa<a©^CiO'<>H2> 
^*HRUfc. COtOftjfeOS^iRCcaiA, 133 

H«fcffi«8UIU ^t&Mif* 1 0 8 . 8 q <JR*9 
7.4%) #f#6ft/c 0 filfft»+i9 3 0 (^'JX 
„ ML* : MW<c«*«tt»JS3hr. 5%S 

fi^as 3 4 8 -Co #&?©s 3 4 8 °c 0 y 

CHNtc3R#*t, ' H-NMRM' 3 1 P-NMR«r3W 

561/. *{fc£«J# [N = P (-OC fl H 4 O-m) 

o . i (-OC a H s ) . .s ] nt*3n«*^*-h 

y ;nt ^ ^ * ~ ju-c * & c <b £ fills u /c D 

[0 0 6 3 ] HSfeff!) 1 3 

y*. S-)l(<cRz.Xy 7 . 1 q (0 .5 Omol) 

£ b y 7Wax^y-Jl/5 0 .0q (0 .5 Omol) <h£ 

7B$|BJ*5U (JSlSftKl 3 3 4 C) . [N=P (-OC 
e H 5 ) . .o (-OCH 2 CF 3 ) , .o ] nt'I?n 
SaS««i#l 1 6 .2q (4MS9 8 .0%) *»/c. 
M?^i7 8 0 (#'J**U>»»> o 11*9 8 
"C 0 5%««feWRfl[3 0 0°C o »»«K3 1 0°C o 

[0 0 64] mmm 1 4 

7x y-;UCCftx.T 7 x>>-JU7 0 .6q (0 .7 5 mol) 
<t b 'Jy)\/*UX.Z>?*-)12 9 .0q (0 .2 5 mol) 

tt«C7«FlH*»L (Sf&aSl 3 3°C) , [N=P (- 
OCe H 5 ) i .5 (-SCH 2 CF 3 ) o .5 ] nxm 
Sft&Sfettfffilltel 1 8 .6q (IR*9 7.9%) 
/Co il?^17 6 0 OK'JX?U>M) o Si* 
9 8 -Co 5 %ii«4>fiS3 1 0 °C e »»»K3 1 0 

'Co 

[0065] mm 1 

©git. jBTa-haaf«**«*fll*/fc2L©4P7^ 

^=3^C, 7x7-^9 4 . 1 q ( 1 .Omol) , ^DD^> 
-if>8 0 0ml<k*K-fb^ h V ^ A 4 0 . 0 q ( 1 . 0 mol) 

<D4 8%7mm±zw obxd, *-r^<^tca«Lr»a 

33:^7 xy-JU©Na»^fiStc«fc0BJ*r4*) 
■tf>©*3Rrt«cRLte. C©JSl£}KcDiaS»9 0'-l 3 

3 -cr^> -o /Co jsj£«cr)iaa*« i 3 o *ck:& o/cb#, s 

/Co mm. 5JS»rt<D*»*J50 0ppm«TCCtt4* 

r-iKTkrsfctoJci oB#rasraufc. cosit«^4 0 

•C$r»4PL, h y;l/^^u^>r K03 5%^ 

UD-c>-fef>?g^l 6 5 .6q (0 .5 Omol) «r»iPUtt 
^6»^CC»PifcailC«Hl(»U. 1 3 3°C-C2 4B#ra1J« 
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H««c»*H6fflU ^S6ffli(*9 5 .0q <iR*9 
0.0%) £f#/c e MTft»+fl8 7 0 

• : waitt»*«7S3r. 5%aa^s 

B3 29*C 0 »Kiag3 4 0 4 C o >J>M$, CHNS 
to**MWte*JRfl\ 1 H-NMRM 3 1 p- 

NMRtaijeu mt&to& [n = p (-oca h 8 ) 

i .8 5 (CI) o .a s ] ntlSnSWt^ h 'JJb 
[0 0 6 6 ] it«W2 10 

XPCC, 7xy-Jb94.iq(l .Omol) <b *PP-<> 

•fe*>8 o omii^oKo, ^-r^^ccaaiLr 1 2 
7*cs-c»fiu/c. tc^pkmti- b y)A4 0 .0q 

(1 .Omol) ©4 8%7KSiK*3 O^ffflCCfefcoTSST 

sa»*©* omit* b v A*jB«s*<o*a 

^xy-;UONatt^0ttCcfc»3BJ^-rS7|c) £*PP 
O**»rt(CRl)fc 0 C©PJJSJ£ffl[(DfflK«9 0- 1 3 20 

[0 06 7 ] 7K^fb^ h A7k«iR*^«?BTLr & 
mm- b v 0J*?kmm<DmTffe7tk. i 3 3 °ct- 5 \%m 

7'J-ICJfofe. JE«C. Rl£ffi*<D7k##5 00 ppm 
«T^tt&Sr«^r5fc»Cc3BSPJS:S0/c. CCDS 
IKK* 4 0°C£*c?££PU h y;u^*p^-f K 30 

CD 3 5%*nn^>-tf>jgjKl 65.6q(0.50mol) 

i^u&^eift^fcftn^/cafivftiJHio, i3 3°c-c 

1 0 0 .0q OR* 9 1.3%) «Sf* 6ti/c 8 

T-fi : 8 7 0 (#yx^b>»») . KH : HRttlUjt 
tt5**-J\ 5HMJBfcWaffi: 3 3 2°C. #ft?SR : 3 

50 -a chns^, flD7k#ft?tt*ssi 

£\ 1 H-NMRM 3 1 P-NMR«riM5£U #{fc£ 

[N = P (-OC. Hs ) 1 .7 j (C 40 
1) 0 .2 . ] nt'i^W^tN^MJiUx^fjbt 

[0 0 6 8 ] tt«W3 

7ki$<bt h A*^^c^r7KK{fc^ »; -?a*sjk 

2 L<D4D?^XPK:, 7x7-;l/9 4 . 1 q ( 1 .Orno 
1) i^PP-O-fe'>8 0 0mli7K^{b^y^A56 .1 
q ( 1 -Omol) ©4 8%7kiSjKi*iff OffiO, 

*07Kso'7 x^-jkdk ta^jsec <t o £ o & so 



p p ^>-fe'>©#*3fcrtccB5bfc. . C <Dffl<DKlS«<Dia 
Rtt9 0- 1 3 3'Cr&^/c e 
[0 06 9] Sj£j£©fflK# 1 3 1 ^fctt o/tB$ % £j£ 

fBrS*(D7k^5 0 0 p p mfe*T«C&5$rK7k-f £fc 

o«FM*ai/3t. c©Ki6«*4 0T;*r8»p 
U h yjl/S^^a^-f F<D3 5%^PP-<>-tz 

>SfflU 6 5 .6q (0 .5 Omol) «r^SPU^^6tft^ «C 
JjDx. fcf^Stffll^ U 1 3 3 *Ctl 5 B*IH«# L fc. C 
©«f*T, SlSWilff035c<ttote. fc«£, fij£«*ll 

saw i &ntKcfinufiao. 3r&f£«®@f*9 9 . 9 q ok 

$88.6%) SrffiTc. : 8 80 (*'J 

x~FU>&3|) „ : wmtem&ZmZT, 5%M 
ifel>fflfi3 3 0 °C 0 &fl¥fflR3 4 5 °C C U C 
HNSfM J»*»»f4ia*». 1 H-NMRM 
3 1 mt^mifi [N = P (-OC 

e H 5 ) . .9 (CI) o .i ] nti3W^^- h 

[0070] tmvu 

7x7-^94 . 1 q ( 1 .Omol) <fc hJbx>8 0 0 

mi<t*?p»m*), +^;u^^tcaauri 0 5°C£r# 

iSU/Co ^C^7k^{t^ h A4 0 .0q ( 1 .Omol) 

<D7k (7kS§ffc^ h »; -5 A7k?§®^5Sc>7k^^^ x y-;u 
CONatt^flttCjrOBJ^'rS*) * h;i/x>i(D^»c 
J:^^f^(^*L, b frx-XDfrZmfotcmLtc. CO 

m^M<onmt8 0-1 1 o*c, sjssrto^k*« 

*fel»c>«Fr7%r*ofc. TkK^b^ hu^A^kaSPS* 
Lrj;&~>tc 0 nmti-hV ^A7KiSi©fiT^7S, 1 

SEtttt^ffiC^ 5 U o/c e Sf&ffi^O^^ 5 0 

0 p pm«TtCtta*rW*^S/fc»{C4B$PJ*igL/ 

[0 0 7 1 ] C<DS^*4 0-CS-C?*iPL/, 
h y;by^P7^ KCD3 5%^PP-^>-tf>f§ffil 6 
5 .6q (0 .5 Omol) &§&U tCjJP^/c^S 
CrtJU&LT 1 1 4-C-C7 2l«IB«*¥Lte*, SJS^tt 

Sl3tfett«H#l OO.Oq (iR$9 3 .5%) 

Bi* : BJtt&ffi£*7nSr. 5 %mSi^SS3 3 0 
0 C o ^|?Sg3 5 0 V 0 V >#W$, C H N7c3R##f. 
»07k»J)?tt*«», 1 H-NMRRO' 3 1 P-NMR* 
fflJEU. [N=P (-OC. H 6 ) 
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i .7 (ci) o. s ] n-casna***^ b y;ug£x 

[0 0 7 2 ] Jt«W5 

C'S^ttitttWl ±|SJttCCJKl£*tTofc. BP*>. 3L 
CD4P7 7*mt, 7*y-;l/9 4.1q(l .Omol) i 
1 ,2 -itjt h*:>x*>2 0 0 0mli7Ki$ft^ h 1 ^ 
A40.0q (1 .Omol) ©4 8 %*SjK<b Srff 0 . 

J:9g'J£T£7k) * 1 ,2 h + ^x^><hcDS^ 
6Cj:0*#N**L#t, SlEiRf^^aifi* 1 00 0 

[0 07 3 ] C<DJx.fcm*4 O'CirMl, *X*x 
h y;l/^n^ K<D3 5 u P-<>-fe:>?g?& 1 6 
5 .6q (0 .5 Omol) £»*PL&#6&* iCflQA/dgl? 

wfin&u 1 3 3'cn ommmwLtc c<Dm&x\ 

£#Ptt'<>-i2>l 0 0 Oml-Cigft?l,/cf§, USSflJli 
IQttecffilt&BU &lffettSigH*9 9 .9q (43^9 
3 .4%) «6n/c 0 ttfi^^^l : 8 7 0 (#y 

«^iSK3 3 3 °a 5 O'C. y >^W^, C 

3 1 P-NMRifflJEU *fb^^tt*^4<h|SJ-^ 

[0 07 4 ] ifc««6 

^AD- h^iP^fctttt/cfw ->X*-^ h^y^ 

^3CC, 7xy-;H 7 0 .5q (5 .Omol) £#9HX 

'VkSMfc* h »J ^A4 0 .Oq ( 1 .Omol) CD 4 8 %7k?§ 

yOA^SS3fe<D7jcSC>'^xy-JUCDN^^tC 

£L/c G C<Z)B#^C*fc7*y-;KO*8a«3 7 Oq (3 . 
9mol) tl)o/Co C©raKj£SK<Z>ffigtt8 0-100 

i-hVV AtK**©*T»T« 1 0 0 "Cr 8 ^fIBHKWcT 

/Co -€-<DBROJStDjB[*©*»«2 OOOpp mT&o 

[0 0 7 5 ] Sj£jR*5 o # c*r»*pu, *X 

*x h 'J^^^P?-/ h*C0 3 5%^PP<>t'>Si 1 
6 5 .6q (0 .5 Omol) £M&PL tcmTLtcfe 

nvmmbx i 3 3 -c-cs gnawr s <t , ja£*«jHT 

St&aU M&ttfllSttl 0 5.1q(iR*9 4.5%) 
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*f#fc. SS^^S: 8 8 0 <*y**U>8i 

»> o n*i 0 2°c 0 5%fis*>aa3 3 5-c 0 
aS3 5i-c 0 y>£#*. chntc*»«t. »n**ws 

tt*3R#. 1 H-NMRM 3 1 P-NMR*8HJ£U 
#fb£«Jtt [N = P (-OC fl H 6 ) , .a . (CI) 
0 .1 a ] nr^jn^t^^ h y ;H3x*-f;l,-c& 
£C<t£figigL/c 0 
[0 07 6] Jt«W7 

7xy-WKx.T7xy-;l/7 0 .6q (0 .7 5mol) 
10 * y-Jl/2 7 .5q (0 .25mol) ^ffl^fio^ 

DO^>^ 1 0 0 0mlflac^4«^WJt«W2 <h|B]« 
KKl£4tTC>. ftltattflHtlc 1 0 8 .9q (JR«9 5 . 
5%) £f#/c„ 11^^17 8 0 (#nfl/>ft 
SO . Ii«59 2 0 C o 5%fifi«4>SK2 9 0'C. 
S3 3 1 °C 0 V>^mm, CHN7C*»«f, ttWc^WI* 
tS3l£\ 1 H-NMRRCK 3 1 P-NMR*«'J5£U * 
ffc£*W [N=P (-OC. H. ) i (-SC fl H 
5)0.35 (CI) 0 .t 5 ] n~C3l£n6*X*x h 

y ;H£x * fvUT a £ c <h £figis U fc. cc fci >r 

Cti6(DNd»CDSBISStci 0B$pj4SL t h y 

)\,*>2vlvA K<h<DSj£G2 7 2I^Pa*«afrfc%3BL/tt 
^■^>/c e 

[0 07 7] ib««8 

7 * y-;UtcRx.r 3 ,5 -=^>uy— ;u 1 2 2 .2q 
( 1 .Omol) 4ffl^Io^pp^>^>S: 1 2 0 Omlffi 

ftl 2 0 .2q (1R*9 1.9%) £f#/c 0 M^^f 
30 19 00 (*y^^U>»») o WuSl : WltttlHL*** 
^•r o 5 %M»«4>ffift 3 6 5 °C 0 7>S¥SS3 7 9 °C e 
y>«W*. CHN5c*»«f. to*#«te*3R#. 1 H 
-NMRM 3 1 P-NMR^ii'JSL/, *{t^W*« [N 
= P C-OCe H 3 (-CH 3 ) 2 ] , . 7 (CI) 

0 .3 ] nr^n^^^o h 'jji/ixxf^t^§ 

tcft^fc. »Na)!ftcDBi»tC«l 2B$PJ*SO, 
^h'J^^P7^ Ki©S(6tt7 2B$p^ffltfrfe^ 

40 tSO^o/Co 

[0 07 8] Jt»H9 

7xy-;UCCftK.r 2 - h-JH44.2g(1.0in 
ol) imiK ^PP^>-if>§ 1 3 0 0mim>*£lJ1'« 
tb?5^2 iEI««:St6*m^ Skfett^S* l 4 0 . 2 q 
(JR^, 8 9 .0%) £f#/t 0 fiS^^S8 9 0 

(#y**u>SW) o »*i 4 8 -Co 5%fia^a 

K3 6 0 - C o »fl?SS3 8 0-C. y>^W^, CHNtc 
*»*t. »n*»JBttS3R^. 1 H-NMRM 3 1 P- 
NMRSriWSL, #ffc*»# [ N = P (-OC 
50 , 0 H 7 ) , .a 5 (CI) 0 .. 5 ] nt'ijn^t^ 
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23 24 

*x h ! ;^i5x^f-;UrA4Ci*HiiSL/Co *^ft=CC f*l 0 6 .8q OR^9 3 .9%) £f#/c 0 fiS^^T- 

fct»rfc»tt©^7 H-^Natt*«tlTlHO. SfftKBffi 17 30 (#y X*U>»J90 . 14* : ?BStttiSL**?S 

«&r«a»tt*wc^^y-«:a^fc. ftNattoHHtc sr. 5%fia^ag2 9 o-c. #psK3 0 5°c o 

ttl 0B*H!«:RU ^^h'J^^P7^ Ki<DJS y>2tfMS. CHN^M, JW*#l»tttt*#. 1 H 

CE«7 2B#H*fSaur*)^tSL^^/c a -NMRM 3 ' P-NMR^iSU, #ft£«J*i[N 

[007 9] mmi 0 =P(-0C 6 H 5 ),.o (-0CH 2 CF 3 ) 

^AP- h&JPSfctfW/cfw ->X£->7 ?7\ o.8 6 (CD 0 . . 6 ] ntiJW^^ h y;U 

©Sit, ?STD- hROW$tl^dx/c2 L<D4P7^ ®xx?vUr*SC ±*SM80fc. #gfef*tC*$<,>T4>t* 

XniC, .5q (0 .0 5mol) t V x y tfcD? x y-jU<h h 'J ?X/*a x £ y -Jl/(DNa*S##T 

-)l>6 5 .9q (0 .7mol) «fc ^ a D-<>-tf > 6 0 0 ml t 10 fflU Sj£rffiW@^riai6tx^.«C^X ^ y -fclfc -d/c 0 

*-<^^xtc«fflor i 2 7*c*rsfio cne>oNata©ss««:«9H$pji4so. hy 

/Co ^CVkMffc* h 'J^2 8 .4q (0 .7 1 mol) <D ;l/^^D^^ K4©SlC»i7 2 B$R8£iagfT fe^tSOtt 

4 8%*aS?K*3 O^Pacctofc-oTjSTL, SIS**© ^o/c„ 

7k (*»ft^ h U r> A**g?&fi*©7j<&0*7 x y -;l/<D [0 0 8 2 ] ttl$WI 1 2 

Naffl^flEtc<tOSters*) *^nn^>i2><b©ft v x s-McKtLX y x 7 0 .6q (0 .7 5mol) 

#CC«fcg3R*M»*U ^nn^>-fe*>©**ISrt«:g5 cb h 'J7WPi^>ft-;l/2 9 .0q (0 .2 5mol) 

l£^P , 9CD^7K^^^^l^#'C7%r^o/c 0 TklMb^ #3@(*9 7 .6q (iR^9 0 .1%) *f#/c. ffW 

h y ^^7k^S*^finSTurT4>jgjSrK*^6^x^ -?S740 (*yx^u>f&3f) . st* : BRmtefflL** 

-^©Naffltt1ffUll/36c*»o/c. *Mfb^h y^ATkffiP 20 ^£T 0 5 %S JK$4>SK 3 0 5 "C. 3 0 5 

*©ST»7«. 1 3 3*C-C5«p|H»JSSL3fc^ JKJfcjR °C 0 CHN7c3R»*f, »*#«14*B3R*h 

^e>^TOJ0I^M©7 x y-^Na^i UVJl/ 1 H-NMRSO' 3 1 P - NMR£«'J5£U WtGOlffi 
W-Jl/<DNatt±#«ttlU SJS»WflK>r8fctttt3W [N = P (-OC. H 5 ) , . 5 (-SCH 2 CF 3 ) 

&A>Ay y-CCtt^fc. JKJfcffi*<D7k## 5 0 0 p p m o .a (CI) o . 2 ] nr*3n4*X*ih'j;l/8x 

WTCCtt4*riK*^S/c«>«:8B#H3&fiL/t. CCDS ^f-^"C*4C iSBtSSL/c *^fl=tc*jliTiiJlt)C© 

J£?K*4 0 B C*t?»4nu. *X*x h 'J^y^P7-^ K ?x s-)lt b 'J^^tox^vft-J^NaW 

©3 5«^OD^>tf>SiSl 65.6q(0.50mol) tB C . 5CS?S«fi5^r8Si6tt^3it^ 5 "J -GCft -*/c„ 

i^Utt^S^^CcftlA/caScWin^l/r, 13 3°C cn&ONatBOMMKW: 1 0B*M*»U t^^^h 

■C3B$P B Ug^L/c 0 y;U>^u^ Fi©Sl£«7 2B$p H l*«arT4>^*SL 
[0 0 8 0] cn<b«m^Aa--h^ip^#^/cf r 30 tt^o/c. 

h^^y, ©git, aTo-h&tffw* [0083] item 3 

(0 .4mol) i^PP^>t'>3 0 0 ml<h 5X9 , i/c2 LCD4P^^XatC, 7*^-^9 4 ,lq ( 1 . 

7k®tfb^ Fy^A16.0q(0 .4mol) ©4 8%7k?g® Omol) <h&7k»5fo^»*- h >J^A 1 0 6 .0q ( 1 .0mo 

£flH>*C, (aI^i^^xy-;KZ)Nata<D^na^>Hf> 1) i-r* h KP77>6 0 0ml££f? Wft 

fgiKSSSSlOfc. C<D&©*5te<DSJ£^CCjjnx, 133 T*X*~ h y >f Ko 3 5 % ^ n D-<>-te'> 

# C"C7 2«FPJ«fliL/c^ Sl£tt»TU«C*ote. CO mmi 6 5 .6q (0 .5 Omol) * 1 mm&WrffiTL 

fxfcfczmmm 1 tmffitcn&awu* ?$m&m# 1 o fc. *<D«*-r ^xtcaaur 7 0 °cr 6 B#pflsss« 

2 .7q (iR^9 2 .7%) #»e>ftfc. SS^^T-S Etc2 5-Cn 6«FlB»»UfciC5TSJ»»Jl 

8 2 0 <#y^^U>ttHt) . HjS: qm&mH«^3 40 n0tj:<tj:r>tc o ZCDmfcWLfrhTYyt Kn7^>«: 

To 5%Sfi^fig3 4 0 # C o »ft?aS3 6 0'C„ y g*U ^nn^>-fe*>6 0 Oml^rttl^rSf&^^fl^ 

CHN7uJR»*f. flD*»»?ttia3R^, 1 H- «?U/cf*. 1 iBKciSMH, 

NMRM' 3 1 P-NMR£ffi'J5tU *{fc^«J^ [N= 1 1 2 . 1 q (4X*9 7 .0%) ^f#6tl/c e 11^^ 

P(-m-OC e H 4 0-)o.o5 (-OCeHs) T-18 9 0 (#'JX^U>W« 0 it £ 1 0 3U 5% 

. .8 (CI) o .i ] ntljn^^t- V 'Jjl/Kx SfiS^aS3 3 0 'Co ^fi?aS3 5 0'Co y>sw 
^r;ur'*^>ci^$ii2,L/c e chntu^^w, tt7k»8?14^^, 1 h-nmr 

[0081] tmwi i ^o' 3 1 p-nmr«i, ^^mco^^mm 

y *S-MCiXz.Xy *S-)l4r 1 . 1 q (0 .5 Omol) l <fc|g— »jSSC©*X*Ji h y;i/8^7xxw*SC 

i h 'J7WDX^/-^50 .0q (0 .5 Omol) i*HlBLfc*s, 1 H-NMRM 3 1 P - NMR(Df 
fflC»4^f»tt®«2il5I«W:JSJ£S:?fc^ 50 hitC^STOP -OH8^(cft*f ^ e-**B 
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* * 'J * f- U >8i!3? ) . IfcA 1 0 5 *C. 5 KfifijftPiS 3 

[0084] ftRM 1 4 3 3 -C. &fi?a£3 4 8 *C. <) C H N5c3R» 

i>An-hftiim. sgfh iTn- h&Cffltttflteff fll*#»tettJR#. ' H-NMRM' 1 P-NM 

*A:2 L©4P77X=iCC. 7*y-JH 12.9g R£fJSU *£j$ft©Kr£tfXii:0!l 1 <h HJ-flfcSsS© 

( 1 . 2mol) 4 V 'Jx^jur 5 > 1 2 1 .4q ( 1 .2mo sfr**x h yiU|tS?7 i-WASC 4 SrSHISbfcas. 

1) ir h7t h"Q7 7>6 00ml4£*¥*mt). «Jf 1 H-NMRM' 5 1 P - NMR©? + - V ±tC«£T 

T* * * - M Jl^ * a ^ ^ K © 3 5 % * n □ > 4? > © P - O H IS^tC fcfe-T 6 fc*- ? #igtf> <=> ftfc. 

1 6 5 .6 q ( 0 . 5 0 mol) * 2B#p a 1*H^T?STO [0 08 6] Jt«0H 1 6 

tc. -£©&. 2 5*CT5l#IBIHB*U JBCc*-r;l//<^tc ^acz- h^Sp®, HJ»h fiSTo- hftdWNKI 

a»or7 4*c©aisT?a«aji»bfc. 2on#fyif£K:K 10 xfc2L©4P77^3tc, 7x-/-;u9 4 .ig a . 

)S»jItf 0&< &o/e„ J£tt«#>6 h ';i^7 5 >1S Omol) 4 h i]x^7?> 1 5 1 . 8 g ( 1 . 5mol) 4 

®£*CR3lifijfi»CJ:»Jie5&Ufc& > f l-7tK077> 4 -i^^-iUT 5 y t»;t?>6 .5g (0 .0 5mol) 4£ 
%9*0. *aD-<>-fe?>60 0ml*ttlA-CSlc:«l4ll . fl8f#T***x h 'J H^f P? -f K©3 5% 

»WU mmi ilsHitCffiMMSb. ^fefcOTilftl ^Dn^>-fe'>?g^l 6 5 .6g (0 .5 Omol) * 1 B$|HJ 

1 3 . 3 q (lR^ 9 8 . 0 % ) #ff <E>*l/c„ ttf^l^ *>W T 7®T Ofc. -&©f£, 2 5 'Ct? 2 0 ttfiOttft £ 

S8 9 0 WVX9-U>»B) . H£l 0 5 .5%ftS C5. KJfcttitfTl,tt<ttofc. J5lS?£#>i=> h V x^;u 

^S*3 3 O'C. 4 9'C. 'J >S?P£. C T 5 >&i$lS&&3ljfiacc<fc D «£L/cgL ^Dn^ 

HNTC^tlT. »D7k^-ft?t41g^. 1 H -NMRR!>' -fe'> 5 0 0 ml£2j[];?.-C#S?U llifefll 1 4 HMffcffiSas 

3 ' P - NMR £IiJ3il/. *f b&mtlttfcffl 1 4 PI— « II O . jt&tiHBtt l 0 9 . 8 q ORi£ 9 5 . 0 % ) im 

ig5£©*x*- f ';;n$^7*x;ur*-5c44SfiiSL 20 e>nfc„ ss^^as 9 0 (*•; u>&go „ 

1 0 6 "C„ 5%It^fig3 3 2'C. #8?®g3 

[0 0 8 5 ] JttM* 15 4 9 "Co <) >#W$. CH NtESWW. *P*»JI?tt*3ft 
i^AO- hftip-g, SRIt. iSTo- 1 H-NMRM' 1 P-NMRilSO. Mt^ 

Afc2L04P75X3tC, 7*-/-JU94.1g(l . t>A5»Sffl 1 4B-*aSC©*^*- h >j * - 

Omol) 4*i£fb# 0 9A5 6 . 1 g ( 1 .Omol) 4*4 )\>X"hZ> C 4^11111/ /c„ 

0 0ml4r F7 7'f^*-OA7'D5 K20.0g [0 0 8 7 ] il-2K, mm 1 ~ 1 4 RMfclj^J 1 

(0.06mol) 4£f¥«31X<3. tifTF***- h U ~ 1 6 {CfcWSS^S^JCDlRfi. JR33. fiS^^fi. 

£a 5 W K©3 5% ? Dnot'VM 1 6 5 . 6 g It*. 5 ^M^figRD^ftSSg&S: 4 Sbr^T. 
( 0 . 5 0 mol) * 1 B#|8J*>W-C?BTL/c. -&©f£. 2 5 ^JfeFfl 1 ~ 1 4RO'J±$£0!l 1 ~ 1 6 CCteW 

'cx'3mrnmwb, mic*j)v^zicmmLX9 5-c-e 30 ^mn<on^. ±mm. mm®, (mm) . fi07k^» 

«««#ofc. 2 i«FiHa«csj£f3astTi/a<ft- 3 A:. 14 (bsh) . mt%&m& mm) Rvmtaimm*a 

ffl&mtic*au'<>-e>5 0 omi£jjnx.-t#*Ru hjs ?:S4*-r7K-r„ 

« 1 4[5]fi&affiiS!*nffiL<. Hfe)fi5ia@f* 1 0 6 .4q (iR [0088] 

$92.0%) i)m fiS^^a8 9 0 [^ 1 ] 



(14) 4#t*3 0 536 1 7 

27 23 





ft s 


ft & 




m & 








g 


% 








X, 




1 


114.4 


99.0 


890 


105 


336 


354 




2 


1147 


: 99.2 


700 


110 


330 


351 




3 


114.8 


99.3 


900 


111 


330 


351 


m 


4 


112.1 


97.0 


900 


111 


330 


351 




5 


114.4 


99.0 


880 


110 


333 


349 




6 


114.3 


99.0 


870 


109 


333 


350 




7 


1141 


98.7 


880 


107 


337 


350 


m 


8 


1148 


99.3 


890 


109 


330 


351 




9 


117.2 


98.0 


780 


94 


295 


340 




10 


140.8 


96.0 


930 




369 


380 




11 


161.0 


97.2 


890 


152 


365 


397 




12 


108.8 


97.4 


930 


- 


348 


348 




13 


116.2 


96.0 


780 


96 


300 


310 




14 


118.6 


97.9 


760 


98 


310 


310 










* * 


[«2] 






ft a 


ft m 






s%mm%'j>mm 






& 


% 






■c 






1 


95.0 


90.0 


870 


- 


329 


340 




2 


100.0 


91.3 


870 


- 


332 


350 




3 


99.9 


88.6 


880 


- 


330 


345 




4 


100.0 


9&5 


870 


- 


330 


350 


it 


5 


99.9 


93.4 


870 


- 


333 


350 




6 


105.1 


945 


880 


102 


335 


351 




7 


108.9 


95.5 


780 


92 


290 


331 




8 


120.2 


91.9 


900 


- 


365 


379 




9 


140.2 


89.0 


890 


148 


360 


380 




10 


102.7 


92.7 


820 


— 


340 


360 




11 


106.8 


93.9 


730 


— 


290 


305 




12 


97.6 


90.1 


740 




305 


305 




13 


112.1 


97.0 


890 


103 


330 


350 




14 


113.3 


96.0 


890 


105 


330 


349 




15 


106.4 


92.0 


890 


105 


333 


348 




16 


109.8 


95.0 


890 


106 


332 


349 
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[*3] 
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•Bfffi mgKOR/g 




wt% 


w t% 




m& 








1 


<0.01 


0.01 


0.03 


0.06 


0.36 


0.07 . 




2 


<0.01 


<0.01 


0.02 


0.04 


0.18 


0.04 




3 


<0.01 


0.02 


0.06 


0.11 


0.28 


0.12 




4 


<0.01 


0.02 


0.05 


0.10 


0.28 


0.11 




5 


<aoi 


0.01 


0.03 


0.05 


0.36 


0.08 




6 


<0.01 


0.02 


0.05 


0.06 


0.35 


0.07 




7 


<0.01 


0.02 


0.06 


0;12 


0.30 


0.19 




8 


<0.01 


<0.01 


0.02 


0.04 


0.14 


0.04 




9 


<0.01 


0.01 


0.03 


0.07 


0.27 


0.09 




10 


<o.oi 


0.01 


0.02 


0.03 


0.06 


0.06 




11 


<0.01 


0.02 


0.06 


0.12 


0.28 


0.10 


m 


12 


<0.01 


0.02 


0.06 


0.10 


0.37 


0.15 




13 


<0.01 


0.03 


0.07 


0.11 


0.35 


0.09 




14 


<0.01 


0.03 


0.06 


0.11 


0.30 


0.10 








* * 


[*4] 








m& 




mm mgKOH/g . 




w t% 


wt% 












1 


0.09 


5.88 


M22 


20.55 


42.08 


15.23 




2 


0.08 


3,40 


10.50 


19.98 


32.66 


12.51 




3 


0.10 


L57 


4.71 


7.41 


28.00 


4.98 




4 


0.12 


500 


13.99 


20.63 


39.99 


14.56 


it 


5 


0.12 


5.00 


14.00 


20.60 


40.12 


14.33 




6 


0.10 


2.39 


7.23 


14.45 


31.31 


9.69 




7 


0.31 


2.33 


7.55 


15.26 


30.12 


8.54 




8 


0.11 


4.07 


5.02 


7.75 


9.69 


5.99 






0.15 


1.69 


5.07 


1L52 


26.52 


7.06 




10 


0.20 


1.60 


450 


12.94 


36.86 


9.69 




11 


0.15 


2.34 


7.52 


1452 


30.06 


9.05 




12 


0.18 


3.27 


10.01 


18.68 


31.02 


12.00 


M 


13 


0(M 


0.11 


L48 


3.00 


6.95 


2.08 




14 


0.03 


aio 


0.75 


1.51 


4.54 


1.35 




15 


0.06 


0.14 


0.81 


2.69 


6.86 


0.51 




16 


0.03 


0.08 


0.41 


1.44 


5.10 


0.97 
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[0093] mmm 15-17 

95*85* ') *> - sK* - hWRZ C :^-fa> S 
-2 0 0 ON. Eli^T'J^W^f-^X 
(tt) «) 1 ooawcafL-c. HSfiWl. 7XK8-CR 
jiofc*x*^ h y;ms/7*-ju*y^v- 12.5 

SPSr^flDLT. 5+^--Cig^. 2 5™' $tzli«£ 
fc. sste. Ccd^U-* h£3*fflfi£ff^CcAftfi$3fcU K 
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* [0094] JtRfff 17-23 
SiifiW 1 V$mi>tc*Z*~ b ') )VBHi/7 * x.;t/^ y =f 
v-tcR^r. JttBWl. 2. 6. 13. 14. 1 5X 

tti Gv&mLtci>(Dtm^i>iammmmi stm® 

fctt8W2 4 

«. ^fSFd 1 ilsHftc. ^iK-Mi^lijf^c. is 

10 [009 5] 
[«5] 







h y 




T4VV b 


^Vh7P 
■ — — h 






/w-y r*V — 


kgf cm/cm 


g/lOmin. 




15 


Sltt«9 1 


52500 


9.8 


12.1 


ft 


16 


H10ii 7 


52000 


9.7 


12.4 


M 


17 


HiSW 8 


52500 


9.9 


12.0 




17 


fcfc&09 1 


40300 


6.3 


18.0 




18 


fcfc&fll 2 


41700 


7.2 


17.9 


tt 


19 


fcfc&{a 6 


41500 


6.5 


17.9 




20 


Jt««13 


45700 


7.3 


15.8 




21 


Jfc««14 


49500 


7.5 


15.0 




22 


Jt(ft«15 


46500 


7.3 


15.9 


#1 


23 


Jt(ft«16 


50000 


8.0 


14.6 




24 




53500 




10.4 



[0 09 6]^5J:1 *«§BO«JSffiCCj:r)^jasn 
[0 0 9 7] 40 



* ( 1 ) r*sn*«i«x«iiaitt*^ 

««T-C©Sl6tt, SJCSS* 4 0-2 0 0 'CCCfi!|# 
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